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优化的接口构建了在线 NPLC × RPLC 系统，对蟾皮样品溶液进行了在线二维分
析，系统调制时间为 190 秒，表现出良好的分离度。并将蟾皮的 NPLC × RPLC
分离效果与RPLC (C18) × RPLC 和RPLC (CN) × RPLC 对比，发现NPLC × RPLC
系统拥有更好的正交性（75.2%）。然后，将分析型二维色谱扩展至制备应用，针
对制备色谱的特点，设计了新型的真空蒸发辅助吸附接口（VEAA），构建了制
备型 NPLC × RPLC 二维液相色谱系统，一次二维制备从蟾酥中得到 19 个化合
物。最后，在在线 NPLC × RPLC 的指导下，对蟾皮的化学成分进行分离，得到
17 个化合物。 
本文首次实现了在线全二维 NPLC × RPLC 系统在中等极性样品分离分析中





















An analytical and a preparative two-dimensional normal phase liquid 
chromatography × reversed phase liquid chromatography (NPLC × RPLC) system 
was constructed in the research. At first, a thermal evaporation assisted adsorption 
(TEAA) interface was designed. This interface could achieve the fast removal of 
NPLC solvent under increased temperature and transference of solutes from the first 
dimension to the second, which solved the solvent incompatibility problem between 
NP and RP systems. Secondly, a series of parameters of the system, including 
temperature and vacuum condition during evaporation, eluting time and regeneration 
time, was evaluated with test solution of toad skin. Thirdly, the performance of the 
NPLC × RPLC system was illustrated by the analysis of toad skin with a modulation 
time of 190 s, which showed a good resolving power. Better orthogonality (75.2%) 
was achieved when comparing with RPLC (C18) × RPLC and RPLC (CN) × RPLC. 
Then, the 2D system was expanded to the on-line preparative process of toad venom 
with an improved vacuum evaporation assisted adsorption (VEAA) interface and 19 
compounds with high purity were isolated within a single run. At last, with the 
instruction of on-line NPLC × RPLC analysis, ethanol extract of toad skin was 
separated with silica column and preparative HPLC, resulting in 17 compounds. 
This is the first time to realize the on-line comprehensive analysis of a moderate 
polar natural product by coupling NPLC with RPLC. Owing to the natural high 
orthogonality between NPLC and RPLC, this 2D system shows high separation 
efficiency for the complex samples and can be applied to the routine analysis and 
separation of complex natural products. 
 
Keywords: NPLC × RPLC; toad skin; toad venom; thermal evaporation assisted 
















Abbreviation Full name 
HPLC High performance liquid chromatography 
2D-LC Two dimensional liquid chromatography 
NPLC Normal phase liquid chromatography 
RPLC Reversed phase liquid chromatography 
TEAA Thermal evaporation assisted adsorption 
VEAA Vacuum evaporation assisted adsorption 
ODS Octadecylsilyl 
ESI-MS Electronspray ionization-mass spectrum 








C nuclear magnetic resonance 
DMSO Dimethyl sulfoxide 
δ Chemical shift 
J Coupling constant 
s Singlet  
d Doublet 






































谱模式（尺寸排阻色谱 SEC、正相色谱 NPLC、亲水相互作用色谱 HILIC、反相








































因此，目前 2D-LC 的主要类型有正相色谱×反相色谱（NPLC × RPLC）、反
相色谱×反相色谱（RPLC × RPLC）、尺寸排阻色谱×反相色谱（SEC × RPLC）、
离子交换色谱×反相色谱（IEC × RPLC）、亲和色谱×反相色谱（AC × RPLC）、
亲水相互作用色谱×反相色谱（HILIC × RPLC）、逆流色谱×反相色谱（CCC × 
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